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chromatographyAbstract In this research an ultrasound-assisted extraction (UAE) method was used for extraction
of colchicine in root of Colchicum haussknechtii prior to high-performance liquid chromatography
with UV detection. C. haussknechtii is used widely in traditional medicine for the treatment of
various diseases. The root of this plant is full of colchicine that is suitable for the treatment of gout
and cirrhosis and applicable in plant breeding studies to produce polyploidy. The inﬂuence of
variables on the extraction method was investigated by response surface methodology (RSM)
and composite design (CCD) to achieve maximum extraction yield of colchicine from the root of
C. haussknechtii. The most suitable condition for the extraction of colchicine was found to at
40 C temperature, 32 min extraction time, and 70:30 v/v ethanol–water mixtures with 45:1
solvent-solid ratio. Obtained results showed that there is 1.2% colchicine in the root of
C. haussknechtii, so this plant could be introduced as a rich source of colchicine.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Colchicine (lipophilic potent alkaloid) is naturally occurring
alkaloids in the Colchicum haussknechtii plant that have been
used for the treatment of gout and arthritis for centuries.
Although they are quite effective in the management of gout,
they can also be quite toxic to humans (Deveaux et al.,
2004). It is a powerful antiinﬂammatory agent used principally
to treat acute attacks of gout. Unfortunately, it is genotoxic by
virtue of its ability to inhibit mitosis and has a narrowby using
Figure 1 Image of colchicum haussknechtii plant and structure of
colchicine.
Table 1 Design matrix for the 23 central composite designs.
Factors Levels Star point
a= 1.682
Low (1) Central(0) High (+1) a +a
(X1) Ethanol
fraction
(mL)
0.25 0.50 0.75 0.08 0.92
(X2)
Ultrasonic
time (min)
10.00 20.00 30.00 3.18 36.82
(X3) Amount
of material
powder (g)
0.03 0.07 0.11 0.003 0.127
Runs X1 X2 X3 Peak area
1 1 1 1 145
2 1 1 1 358
3 1 1 1 145
4 1 1 1 410
5 1 1 1 150
6 1 1 1 478
7 1 1 1 179
8 1 1 1 569
9 1.682 0 0 207
10 1.682 0 0 268
11 0 1682 0 245
12 0 1.682 0 352
13 0 0 1.682 22.3
14 0 0 1.682 530
15(c) 0 0 0 302
16(c) 0 0 0 294
C: center point.
2 S. Khodadoust et al.therapeutic index in relation to gastrointestinal problems
(Wollersen et al., 2009). Several cases of colchicine poisoning
(accidental and purposeful) are comparable with arsenic
poisoning (Deveaux et al., 2004; Wollersen et al., 2009;
Brvar et al., 2004). Colchicine disrupts mitosis through binding
tubulin, thus demonstrating a toxic proﬁle that manifests in
the extreme case with multiple organ failure and delayed death.
This includes hypovolemic shock due to extreme vascular
damage and ﬂuid loss through the GI tract and ﬁnal death
(Brvar et al., 2004; Weakly-Jones et al., 2001). Colchicine inhi-
bits microtubule polymerization by binding to tubulin (one of
the main constituents of microtubules). Due to essential and
vital role of tubulin to mitosis concluded that colchicine effec-
tively functions as a ‘‘mitotic poison’’ or spindle poison (Cocco
et al., 2010; Kuncl et al., 2003), the mitosis inhibiting function
of colchicine makes possible its application in cellular genetics
investigation. The cell chromosomes under a light microscope
are viewable even near the point in the cell cycle with high den-
sity. This occurs near the middle of mitosis and therefore its
hinder before completes is a requirement (Gilbert and Byard,
2002). Recently, the side effects of colchicine also have been
recognized. For example, it shows genotoxicity in vitro and
in vivo systems even at low concentrations. Therefore, the
development of a rapid, simple and sensitive method for
colchicine determination is of great importance and interest.
A wide range of analytical techniques such as voltametric
(Bersier and Bersier, 1994; Wang and Ozsoz, 1990), radio
and enzyme immunoassays (Poulev et al., 1994), spectropho-
tometry (Singh et al., 2000) and various chromatographic
(Watterson et al., 2014; Al-Fayyad et al., 2002) methods has
been developed for the identiﬁcation and determination of col-
chicine at trace levels. Extraction is a great and vital step in the
recovery and puriﬁcation of active ingredients of plant materi-
als. Soxhlet and solid–liquid extraction are the most commonly
used techniques (Husek et al., 1990; Kannan et al., 2007; Shi
et al., 2005), but suffer from disadvantages including time con-
sumption, high cost, and the need of large volumes of samples
and toxic organic solvents. Recently ultrasound-assisted
extraction (UAE) has been attended in extraction process for
various analyte in different matrices (Cao et al., 2009; Fan
et al., 2012). UAE is an cheap, simple and efﬁcient alternative
to conventional extraction techniques and proposed as an
alternative procedure for sample pretreatment as most green
methodology that allows high reproducibility in shorter time,
easy manipulation, signiﬁcant reduction in usage of organic
solvent at low temperature with lower energy input (Ma
et al., 2011; Tadeo et al., 2010).
Generally, the conventional method for determining opti-
mal conditions in extraction process is keeping all parametersPlease cite this article in press as: Khodadoust, S. et al., Optimization of ultrasound-a
response surface methodology. Journal of the Saudi Society of Agricultural Scienceat constant level, while only variable changes that is time
consuming. In such practice interaction effect between the
variables is not taken into consideration. In recent years,
central composite design (CCD) and response surface method-
ology (RSM) statistical experimental designs are commonly
used in optimization experiments (Khodadoust et al., 2014;
Talebianpoor et al., 2014; KO¨rner and Kohn, 2005). CCD
and RSM method can collectively optimize all the affecting
parameters to eliminate the limitations of a single-factor opti-
mization process. The aim of the present study was to develop
a simple, sensitive and reproducible UAE–HPLC–UV method,
capable of responding to the demand for non-expensive
analysis of colchicine from root of C. haussknechtii with high
accuracy and precision.
2. Material and methods
2.1. Plant material and its preparation
C. haussknechtii (Colchicum persicum) plant was collected in
the Kohgiluyeh and Boyer-Ahmad province (514800E,
303500N, in distance 30 km of Yasouj, Iran) in autumn 2012
before ﬁrst raining. C. haussknechtii is a species in the genus
colchicum (autumn crocus) which contains 103 species and
belongs to the family of the Colchicaceae (Colchicum Family).
C. haussknechtii is native to Iran and it is shown in Fig. 1.
C. haussknechtii is a deciduous plant with simple leaves atssisted extraction of colchicine compound from Colchicum haussknechtii by using
s (2015), http://dx.doi.org/10.1016/j.jssas.2015.05.004
Figure 2 (a) HPLC chromatogram of standard colchicine (1 mg/mL), (b) HPLC chromatogram for extraction of colchicine. Mobile
phase: acetonitrile: 0.5 M phosphate buffer (30:70 v/v); Flow rate: 1.0 mL min1; Column: MZ-ODS-C18 (250 · 4.0 mm, 5 lm); Room
temperature; k= 220 nm.
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gins. The ﬂowers are cup-shaped and pink and are arranged
solitary with septicidal capsules fruits. The root of this plant
was eluted with distilled water and subsequently cut in small
slice. This material was dry in lightness conditions for 48 h,
and then it was ground and passed through 30 mesh sieve
for subsequent works.
Warning: This material should be handled with the greatest
care because of their marked toxicity.
2.2. Chemical materials
Colchicine standard was purchased from Merck (Darmstadt,
Germany). The stock solution of colchicine was prepared in
ethanol:water (50:50). Double distilled deionized water was
used throughout which was produced by a Milli-Q systemPlease cite this article in press as: Khodadoust, S. et al., Optimization of ultrasound-a
response surface methodology. Journal of the Saudi Society of Agricultural Sciences(Millipore, Bedford, MA, USA). Methanol, ethanol, acetoni-
trile (HPLC-grade), acetone, isopropanol, dichloromethane,
chloroform, H3PO4 and KH2PO4 (>99% purity) were
purchased from Merck.
2.3. Apparatus and software
The chromatographic measurements were carried out with an
Agilent Technologies (Wilmington, DE, USA) 1100 HPLC
system equipped with standard micro auto sampler (model
G1313A), micro vacuum degasser (model G1379A), quater-
nary pump (model G1311A) and series multiple wavelength
detector (model G13658). The detection wavelength was
220 nm. The separation column was an MZ-ODS-C18
(4.6 · 150 mm, 5 lm) with a mobile phase composed of
acetonitrile and 0.5 M phosphate buffer (30:70) at a ﬂow ratessisted extraction of colchicine compound from Colchicum haussknechtii by using
(2015), http://dx.doi.org/10.1016/j.jssas.2015.05.004
Table 2 Analysis of variance (ANOVA) for central composite
design.
Source of
variation
Sum of
square
Dfa Mean
square
F-valueb P-value
X1 12952.3 1 12952.3 404.760 0.031617
X2 9070.4 1 9070.4 283.450 0.037769
X3 304444.9 1 304444.9 9513.903 0.006527
X1
2 2147.6 1 2147.6 67.113 0.077327
X2
2 418.6 1 418.6 13.080 0.171734
X3
2 325.3 1 325.3 10.166 0.193481
X1X2 578.0 1 578.0 18.063 0.147117
X1X3 7200.0 1 7200.0 225.000 0.042379
X2X3 1624.5 1 1624.5 50.766 0.088770
Lack of ﬁt 5000.4 5 1000.1 31.253 0.134944
Pure error 32.0 1 32.0
Total SS 348832.5 15
a Df: Degrees of freedom.
b Test for comparing model variance with residual (error)
variance.
Figure 3 (a) Normal probability plot of residuals for extraction
of colchicine. (b) Plot of predicted versus observed response for
extraction of colchicine from root of colchicum haussknechtii plant.
4 S. Khodadoust et al.of 1.0 mL min1. The chromatographic calculations were
performed using a Chemstation data handling system. The
calibration curve for the determination of colchicine was
constructed under the optimal conditions. An ultrasonic
bath system with digital timer and temperature controller
(Tecno-GAZ SPA Ultra Sonic System, Parma, Italy) at
40 kHz of frequency and 130 W of power was used for the
ultrasound-assisted extraction procedure.
The STATISTICA statistical package software version 7.0
(Stat Soft Inc., Tulsa, USA) was used for experimental design
analysis and subsequent regressional analysis of the experi-
mental data. Statistical analysis of the model was performed
to evaluate the analysis of variance (ANOVA). The quality
of the polynomial model equation was judged statistically by
the coefﬁcient of determination R2, and its statistical signiﬁ-
cance was determined by an F-test. P-Values less than 0.05
were considered to be statistically signiﬁcant.
2.4. Extraction procedure
For extraction process 0.11 g powder of colchicine was put in a
capped tube and mixed with mixture of ethanol:water (80:20
v/v). This mixture was shaken for 5 min and put in the light-
ness place for 12 h. After this time the extraction process was
followed by ultrasonic device for 32 min at 50 C. Then the
mixture was ﬁltered with Whatman paper (Germany) for isola-
tion of extracted colchicine from solid residue and 20 lL of the
ﬁnal solution was injected to the HPLC-UV for subsequent
analysis.
2.5. Experimental design
The central composite design (CCD) was commonly used to ﬁt
quadratic models. This model ﬁrstly was described by Box and
Wilson (Box and Wilson, 1951). A CCD combines a 2f facto-
rial design with additional points (star points) and at least one
point at the center of the experimental region to obtain prop-
erties such as rotatability or orthogonality for best ﬁtting
(Myers and Montgomery, 2002). The star points are located
at +a and a axial distance (a= 1.682) from the center ofPlease cite this article in press as: Khodadoust, S. et al., Optimization of ultrasound-a
response surface methodology. Journal of the Saudi Society of Agricultural Sciencethe experimental domain. The total number of design points
needed (N= 16) is determined by the following equation:
N ¼ 2 f þ 2fþN0 ð1Þ
where f and N0 are the number of variables and center
points (f= 3, N0 = 2), respectively (Morgan, 1991). The fac-
tor levels and the design matrix with the respect responses
are shown in Table 1. When several responses were evaluated
in an experimental design, the optimum points reached indi-
vidually for each factor did not coincide in all cases. There
are many statistical methods for solving multiple response
problems such as overlaying the contours plot for each
response, constrained optimization problems and the desirabil-
ity approach (DF) (Ruggiero et al., 2011). Derringer function
(DF) (Derringer and Suich, 1980) involves the transformation
of each predicted response to a dimensionless partial DF di.
The scale of the DF ranges between d= 0 (complete undesir-
able response) and d= 1 for a fully desired response above
which further improvements would have no importance. With
the individual desirability’s, it is then possible to obtain the
overall desirability (D). The D is deﬁned as the weighted
geometric average of the individual desirability (di).
D ¼
Yn
i¼1
di
 !1=n
ð2Þssisted extraction of colchicine compound from Colchicum haussknechtii by using
s (2015), http://dx.doi.org/10.1016/j.jssas.2015.05.004
Figure 4 Response surfaces for the 23 central composite designs:
(a) concentration fraction ethanol: water–ultrasonic time (min);
(b) Ultrasonic time (min)–amount of powder material (g); concen-
tration fraction ethanol:water–amount of powder material (g).
Optimization of ultrasound-assisted extraction of colchicine compound from Colchicum haussknechtii 5where di indicates the desirability of the response and n is the
number of responses in the measure.
3. Result and discussion
Before conduction of CCD approach, preliminary experiments
were undertaken to select the best extraction solvent including
water, methanol, ethanol, isopropanol, dichloromethane and
chloroform and their mixture for the extraction of colchicine
from root of C. haussknechtii. The solid material (30 mesh par-
ticle size) was mixed with the above mentioned solvents with
mass ratio 1:20 for 12 h, and then the mixture was ultrasound
for 40 min. It was found that among all applied solvents, the
maximum sensitivity was achieved using ethanol:water mixture
(70:30% V/V). Therefore, this mixture was chosen for subse-
quent experiments and typical HPLC chromatogram of
extracted colchicine from root of C. haussknechtii (0.05 g)
was shown in Fig. 2.
3.1. Central composite design
Response surface methodology (RSM) was used to investigate
the inﬂuence of three variables on the extraction efﬁciency of
colchicine from the root of C. haussknechtii plant. The main
factors are ethanol concentration (%, X1), ultrasonic time
(min, X2) and the amount of solid material (g, X3) and their
inﬂuence was optimized to improve the extraction efﬁciency.
In this study, the experiments were performed on the central
composite design (CCD). The coded values of the experimental
factors and their levels for the CCD are shown in Table 1. The
complete design was carried out in a random manner in order
to minimize the effect of non-controlled variables. This design
is able to approximately estimate the main effects, interaction
effects and quadratic effects. A 3-factor with 5-level design is
suitable for exploring quadratic response surface and con-
structing second-order polynomial equation, which is widely
used in RSM that beneﬁts from the following advantages:
1. The second-order model is very ﬂexible and can take on a
wide variety of functional forms to obtain approximately
the true response surface.
2. It is easy to estimate the parameters in the second-order
model using least squares method.
3. There is a considerable practical experience indicating that
second-order models work well in solving real response sur-
face problems.
Table 2 presents the results of analysis of variance
(ANOVA) and regression coefﬁcients, which suggest the con-
tribution of the quadratic model was signiﬁcant, while
p< 0.05. The ‘‘ﬁtness’’ of the model was investigated through
the lack-of-ﬁt test (p> 0.05), which indicated the suitability of
models for accurate prediction of the variation in the results
(Prasad et al., 2011). Analysis of results conducted according
CCD makes possible to achieve the following equation:
A ¼ 295:19ð3:93Þ þ 30:79ð1:53ÞX1 þ 25:77ð1:53ÞX2
þ 155:53ð1:59ÞX3 þ 30:00ð2:00ÞX1X3 ð3Þ
The good and successful solving this equation according to
desirability function (DF) makes possible to improvePlease cite this article in press as: Khodadoust, S. et al., Optimization of ultrasound-a
response surface methodology. Journal of the Saudi Society of Agricultural Sciencesperformance of proposed method for complete and selective
extraction of colchicine and its accurate subsequent determina-
tion. The quality of ﬁt of the polynomial model equation was
expressed by the coefﬁcient of determination (R2 = 0.9855 and
adjusted R2 = 0.9639). R2 is a measure of the amount ofssisted extraction of colchicine compound from Colchicum haussknechtii by using
(2015), http://dx.doi.org/10.1016/j.jssas.2015.05.004
Figure 5 Proﬁles for predicated values and desirability function for extraction of colchicine. Dashed line indicated current values after
optimization.
Figure 6 (a) Image of 16 vials that contain 16 different condition
experiments for extraction of colchicine based on CCD from root
powder of colchicum haussknechtii plant. (b) HPLC chro-
matogram of the extracted colchicine at optimum extraction
condition.
6 S. Khodadoust et al.variation around the mean explained by the model. The large
adjusted R2 values indicate a good relationship between the
experimental data and the ﬁtted model.
The model is applicable for prediction of the extraction
amount of colchicine with minimum amount of experiments.
The normal probability plot of the residuals and the plot of
the predicted versus the observed response (peak area) are
shown in Fig. 3a and b. Close inspection of Fig. 3a reveals
that the residuals generally fall on a straight line which indi-
cates normally distribution of error and support the fact that
the model ﬁts the data adequately. These plots are very impor-
tant and are required to check the normality assumption in the
ﬁtted model. This will ensure that the model provides an ade-
quate approximation to the optimization process. The agree-
ment between experimental and predicted data given by
RSM (Fig. 3b) illustrates that all points are located close to
a straight line and suggests that RSM predicts well the exper-
imental data for the valid region.
Fig. 4a–c presents the response surface and contour plots
for the inﬂuences of extraction parameters on the colchicine
content. The curvatures of these plots indicate the interaction
between the variables. In general with view glance to the
results one can conclude that efﬁciency of extraction was
increased simultaneously by raising the X1, X2 and X3 values.
3.2. Optimization of CCD by DF for extraction of colchicine
The proﬁle for predicted values and desirability option in the
STATISTICA 7.0 software is used for the optimizationPlease cite this article in press as: Khodadoust, S. et al., Optimization of ultrasound-a
response surface methodology. Journal of the Saudi Society of Agricultural Scienceprocess (Fig. 5). Proﬁling the desirability of responses involves
specifying the DF for each dependent variable (Area), by
assigning predicted values in a scale in the ranging of 0.0
(undesirable) to 1.0 (very desirable). The CCD design matrix
results (Table 2) represent the maximum (569.) and minimum
extraction (22.3) peak area of colchicine.ssisted extraction of colchicine compound from Colchicum haussknechtii by using
s (2015), http://dx.doi.org/10.1016/j.jssas.2015.05.004
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variable of area are depicted at the right hand side of Fig. 3:
Desirability of 1.0 was assigned for maximum extraction
(569), 0.0 for minimum (22.3) and 0.5 for middle (295.6). On
the left hand side of Fig. 5 (bottom), the individual desirability
scores are shown for the extraction efﬁciency of colchicine. The
desirability of 1.0 was selected as the target value. The overall
response (Area) obtained from these plots with the current
level of each variable in the model is depicted at the top (left)
of Fig. 5. These ﬁgures show the changes in the level of each
variable and both their response and its overall desirability.
On the basis of these calculations and desirability score of
1.0, the peak area of colchicine was optimized at 578.45 with
calculating the optimized model variables of 0.8 ethanol,
32 min for ultrasonic time and 0.11 g of dry powder of colchi-
cine. Finally, for validation duplicate assenting experiments
were conducted using the optimized parameters. The results
are closely co-related with the data obtained from the desir-
ability optimization analysis using CCD. This phenomena
show that CCD with DF could be effectively used to optimize
the extraction process for the colchicine analyte. Finally for the
validation obtained optimum inﬂuence variable on the extrac-
tion process of colchicine from the root of C. haussknechtii,
triplicate experiment was carried out in optimized extraction
condition. Obtained results illustrated that this method can
be useful for extraction of colchicine and other alkaloid from
C. haussknechtii medicinal plant. Fig. 6 shows the HPLC chro-
matogram for the extracted colchicine in an optimized condi-
tion with 562.36 (±4.5 RSD) peak area that is comparable
with the predicted peak area (578.45). t-test does not show sig-
niﬁcant difference between these two variables. The results
evaluated by calibration curve show 1.2% of colchicine in root
of C. haussknechtii plant and strongly support the idea about
its rich source of colchicine.
4. Conclusion
The analytical utility of chemometric techniques was used to
obtain the optimum conditions for the efﬁcient extraction of
colchicine by UAE procedure from root of C. haussknechtii
plant. C. haussknechtii was used widely in traditional medicine
for the treatment of various diseases. In this work CCD and
desirability proﬁle were used for optimization of the extraction
variables and to investigate the interaction effect of different
effective between variables. At optimum extraction condition
(40 C temperature, 32 min extraction time, and 70:30 v/v
ethanol–water mixtures with 45:1 solvent-solid ratio), the
UAE method had linear response and correlation coefﬁcients
for colchicine are A= 0.365X  1.589 (R2 = 0.9999), where
A is the peak area of colchicine (mAU). This method was ben-
eﬁted from simple and rapid extraction process with good
repeatability and reproducibility, high extraction efﬁciency
and short time. Obtained result indicates that 1.2% of colchi-
cine exists in root of C. haussknechtii plant. Therefore, the pro-
posed analytical protocol is a promising trend that could be
fully exploited in the forensic toxicology ﬁeld to assess other
toxic alkaloid, pharmaceuticals and metabolites.
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